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DIAGNOSIS METHOD OF INFLAMMATORY, FIBROTIC OR 
CANCEROUS DISEASE USING BIOCHEMICAL MARKERS 

FIELD OF THE INVENTION 
5 The present invention is drawn to a new diagnosis method for detecting the 

extend of a inflammatory, fibrotic or cancerous disease in a patient, in particular 
liver fibrosis, in particular in a patient infected with hepatitis C virus, by using the 
serum concentration of easily detectable biological markers. The invention is also 
drawn to diagnosis kits for the implementation of the method. 

10 

BACKGROUND OF THE INVENTION 
Liver biopsy is considered as mandatory for the management of patients 
infected by the hepatitis C virus (HCV), particularly for the staging of fibrosis (1-4). 
For patients and general practitioner it can be considered as an aggressive procedure 

15 (5-6). Numerous studies have shown significant predictive values of several 
markers for the diagnosis of cirrhosis (6-15) but none for the diagnosis of earlier 
stage as few septa (beginning of bridging fibrosis), prospectively in a large 
population infected only by HCV virus. 

It is nevertheless important to be able to detect these early stages in the 

20 development of liver pathology, in order to improve the patient treatment, and the 
follow-up of the disease. As liver biopsy is still an invasive procedure, it could be 
advantageous to have a fast and easy to perform test that would give a good 
predictive value of the level of fibrosis in the patient. 

After infection by the hepatitis C virus, the evolution of the disease can lead 

25 to fibrosis, and later to cirrhosis. The liver biopsy allows for the determination of 
the stage of the fibrosis, but also the presence of liver necroinflammatory lesions. 
The intensity and activity of such lesions, in complement to the degree of fibrosis, 
are acknowledged by physicians as an important factor for diagnosis and prognosis 
of the evolution of the disease, and in order to determine the type of treatment to 

30 administrate. 

There is therefore a need to develop a diagnosis method that would give a 
good predictive value of the presence (or the absence) of fibrosis and/or lesions in a 
patient, and that would be reliable enough to reduce the need of liver biopsy. 
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SUMMARY OF THE INVENTION 
The present invention provides a method of diagnosis that assesses 
prospectively the predictive value of a combination of simple serum biochemical 
markers for the diagnosis of an inflammatory, fibrotic or cancerous disease, in 
5 particular in the liver of a patient where it is well suited for diagnosis of significant 
fibrosis (from few septa to cirrhosis) and/or liver necroinflammatory lesions. With 
the reach of high positive predictive values (prediction of significant fibrosis) or 
negative predictive values, the number of biopsy indications could be reduced. This 
could be useful for patients and society in order to reduce the cost and the risk of 
1 0 biopsies especially liver biopsies (6), 

DESCRIPTION OF THE FIGURES 
Figure 1 : ROC curves of the fibrosis markers function combining six (alpha2- 
macro globulin, alpha2-microglobulin, total bilirubin, gamma globulin, apo Al, and 
15 GGT,) or ten biochemical factors (same plus albumin, alpha 1 -microglobulin, beta 
globulin and ALT,) and the age and gender . The area under the curve were not 
different : 0.853 ± 0.02 and 0.851 ± 0.02 respectively. 

Figure 2 : scatter plot of the six markers fibrosis score (ranging from 0.00 to 1.00), 
according to fibrosis stage. 

20 Figure 3: ROC curves of the fibrosis markers function combining five (Alpha2- 
Macroglobulin, Haptoglobin, total Bilirubin, Apo Al, and GGT), six (alpha2- 
macroglobulin, alpha2 -microglobulin, total bilirubin, gamma globulin, apo Al, and 
GGT) or ten biochemical factors (same plus albumin, alphal -microglobulin, beta 
globulin and ALT,) and the age and gender . The area under the curve were not 

25 significantly different : 0.837 ± 0.02, 0.847 ± 0.02 and 0.851 ± 0.02 respectively. 
Figure 4 : Fibrosis Score according to fibrosis stage 

Figure 4a: 6 markers function F0 n=56 median= 0.10; Fl n=145 median= 0.22; F2 
n=68 median^ 0.41 ; F3 n=28 median^ 0.66 ; F4 n=42 median^ 0.89. 
Figure 4b: 5 markers function F0 n=55 median= 0.14; Fl n=139 median^ 0.21; F2 
30 n-64 median- 0.43 ; F3 n=26 median- 0.73 ; F4 n=41 median- 0.85. 

The top and bottom of the box are the 25th and 75th percentiles. The length of the 
box is thus the interquartile range. That is, the box represents the middle 50% of the 
data. A line is drawn through the middle of the box at the median (the 50th 
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percentile). The upper adjacent value is the largest observation that is less than or 
equal to the 75th percentile plus 1.5 times interquartile range. The lower adjacent 
value is the smallest observation that is greater than or equal to the 25th percentile 
minus 1.5 times interquartile range. Analysis of variance shows significant 
5 differences between all stages. (Bonferroni all-pairwise Multiple Comparison Test ; 
pO.OOl). 

Figure 5 : Alpha 2 Globulins, Alpha 2 Macroglobulin and Haptoglobin according to 
fibrosis stage. 

Figure 5a: For Alpha 2 Globulins values, the only significant differences were 
10 between stage 4 versus stage 1 and stage 3. (Bonferroni all-pairwise Multiple 
Comparison Test ; p=0.01). 

Figure 5b: For Alpha 2 Macroglobulin, there was a significant difference between 
stage 0 and 1 values lower than stages 2,3 and 4. (Bonferroni all-pairwise Multiple 
Comparison Test ; p<0.001). Values of stage 2 were lower than values of stage 3 

15 and 4. (Bonferroni all-pairwise Multiple Comparison Test ; p<0.001). There was no 
significant difference between stage 0 and 1 and between stage 3 and 4. 
Figure 5c: For Haptoglobin there was a significant difference between stage 1 
values higher than stages 2,3 and 4. (Bonferroni all-pairwise Multiple Comparison 
Test; p<0.001). Values of stage 4 were lower than values of stage 0,1 and 

20 2. (Bonferroni all-pairwise Multiple Comparison Test; p<0.001). There was no 
significant difference between stage 0 and 1 and between stage 3 and 4. 



DESCRIPTION OF THE PREFERRED EMBODIMENTS 
25 The present invention is therefore drawn to a method for diagnosis of an 

inflammatory, a fibrotic or a cancerous disease in a patient comprising the steps of: 

a) measuring the values of biochemical markers in the serum of said 
patient, 

b) combining said values through a logistic function including said 
30 markers and, 

c) analyzing the end value of said logistic function in order to 
determine the presence of liver fibrosis and/or liver 
necroinflammatory lesions in said patient. 



4 



The biochemical markers can also been assessed in the plasma of the 
patients, and the method can be considered as in vitro, when an optional first step 
(harvesting serum or plasma of patients) is not used. 

In particular, the method of the invention is perfectly suited for diagnosis of 
5 liver fibrosis and/or presence of liver necroinflammatory lesions in said patient. It 
can also be performed for diagnosis of inflammatory and/or fibrotic disease in the 
lungs or kidneys of patients. It is also suited for the diagnosis of cancerous lesions, 
for example in lungs, breasts, bladder, colon. 

The logistic function may be obtained through the following method: 
10 i) classification of the patients in different groups according to the 

extend of their disease; 

ii) identification of factors which differ significantly between these 
groups by unidimensional analysis; 

iii) logistic regression analysis to assess the independent 
15 discriminative value of markers for the diagnosis of fibrosis 

and/or liver necroinflammatory lesions 

iv) construction of the logistic function by combination of these 
identified independent factors (construction of an index). 

By definition the best index (" fibrosis score") in term of discrimination was 
20 the logistic regression function combining the independent factors. 

The logistic function is obtained by combining the relative weight of each 
parameter, as individually determined in the logistic regression, with a negative sign 
when the markers harbor a negative correlation with the stage of fibrosis. 
Logarithms are used for markers whose values have a very large range. 
25 The quality of the logistic function is analyzed with the aid of a ROC curve, 

that is obtained depending of the threshold desired for the diagnosis. The way of 
obtaining the ROC curve is described in the examples. In the present invention, the 
classification of the patients was the presence of fibrosis, starting at few septa, but it 
could be changed if diagnosis of patient only with a large number of septa or with 
30 cirrhosis was intended. This leads to another ROC curve, as discussed in the 
examples. 
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The diagnosis of the presence of liver fibrosis and/or liver 
necroinflammatory lesions in the patient can be further refined by the data 
concerning the to the expected prevalence of liver fibrosis in the population. 

Preferably, the biochemical markers that are dosed in step a) of the method 
5 according to the present invention are "simple" biochemical markers, which means 
that they are easily dosed with methods already known in the art (chromatography, 
electrophoresis, ELISA dosing. . .). 

Thus, markers that are perfectly suitable for the method of the invention 
include a2-macroglobulin, alanine aminotransferase (ALT), aspartate 
10 aminotransferase (AST), gammaglutamyl transpeptidase (GGT), y-globulin, total 
bilirubin, albumin, ocl -globulin, a2-globulin, haptoglobin, p-globulin, 
apolipoproteinAl (apoAl), IL10, TGF-pi, apoA2, apoB. Depending of the studied 
disease, on could also use other cytokines, or specific markers known by the person 
skilled in the art. For the analysis of kidney or bladder disease, it may be convenient 
15 to perform some dosing on urine samples of the patient. 

In a particular embodiment of the method of the invention, at least 4, more 
preferably 5 or 6, 7 or 10 biochemical markers are studied and dosed in step a) of 
the method. 

Preferably, these markers are a2-macroglobulin, GGT, y-globulin, total 
20 bilirubin, (cc2-globulin or haptoglobin) and apoAl, when diagnosis of liver fibrosis 
is intended. Haptoglobin can be used in place of cc2-globulin, as oc2-globulin is the 
sum of a2-macroglobulin and a2-microglobulins, which are mainly composed of 
haptoglobin. The relative weight of oc2-microglobulin and haptoglobin would 
therefore be adjusted in the logistic function. 
25 When diagnosis of the presence of liver necroinflammatory lesions is 

intended, it is best when the markers that are dosed include a2-macroglobulin, 
GGT, y-globulin, (ALT or AST) and apoAl. AST or ALT can indifferently be used 
as the data reported in the present application shows that these markers are 
correlated. Therefore, replacement of one marker by the other only results in the 
30 balancing of the coefficient in the logistic function, taking the correlation factor into 
account. 



6 



The logistic function can also use other markers such as the age and gender 
of the patient. The different coefficients used for the values obtained for the 
different markers in the logistic function can be calculated through statistical 
analysis, as described in the examples. 
5 In particular, suitable logistic functions that can be used for the 

implementation of the method of the invention are as follow: 
Using six markers: 

fl = aj x Log [a2-macroglobulin (g/1)] - a 2 x [a2-globulin (g/1)] + a 3 
x Log [GGT (IU/1)] + a4 x [y-globulin (g/1)] + a 5 x [Age (years)] + Log 
10 [Bilirubin (umol/1)] - a 7 x [ApoAl (g/1)] + a 8 x [Sex (female=0, male=l)] - 

a$, with 

ai comprised between 6.5 and 6.9, 

a 2 comprised between 0.450 and 0.485, 

a3 comprised between 1 . 1 00 and 1 .3 00, 
15 a4 comprised between 0.0700 and 0.0750, 

as comprised between 0.0265 and 0.0300, 

a$ comprised between 1.400 and 1.700, 

a 7 comprised between 0.900 and 1, 

ag comprised between 0.300 and 0.450, and 
20 - ag comprised between 4.200 and 4.700. 

Specific usable functions are in particular: 

fl-a = 6.826 x Log [a2-macroglobulin (g/1)] - 0.479 x [a2-globulin 
(g/1)] + 1.252 x Log [GGT (IU/1)] + 0.0707 x [y-globulin (g/1)] + 0.0273 x 
25 [Age (years)] + 1.628 x Log [Bilirubin (umol/1)] - 0.925 x [ApoAl (g/1)] + 

0.344 x [Sex (female=0, male=l)] - 4.544 ; 
or 

fl-b = 6.552 x Log [a2-macroglobulin (g/1)] - 0.458 x [cc2-globulin 
(g/1)] + 1.113 x Log [GGT (IU/1)] + 0.0740 x [y-globulin (g/1)] + 0.0295 x 
30 [Age (years)] + 1.473 x Log [Bilirubin (umol/1)] - 0.979 x [ApoAl (g/1)] + 

0.414 x [Sex (female=0, male=l)] - 4.305 ; 
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Using 10 markers: 

f2 = bi x Log [oc2-macroglobulin (g/1)] - b 2 x [a2-globulin (g/1)] + b 3 
x Log [GGT (IU/1)] + b 4 x [y-globulin (g/1)] + b 5 x [Age (years)] + b 6 x Log 
[Bilirubin (umol/1)] - b 7 x [ApoAl (g/1)] + b 8 x [Sex (female=0, male=l)] + 
5 b 9 [Albumin (g/1)] + bio [al -globulin (g/1)] - b n [P2-globulin (g/1)] 2.189 - 

x Log [ALT (IU/1)] - b 13 , with 

bi comprised between 9.9 and 10.2, 
b2 comprised between 0.7 and 0.77, 
b3 comprised between 2 and 2.4, 
10 b4 comprised between 0.1 and 0.2, 

bs comprised between 0.04 and 0.07, 
be comprised between 4 and 4.6, 
bi comprised between 2 and 2.5, 
bs comprised between 0.28 and 0.32 
15 - bg comprised between 0.025 and 0.04 

bio comprised between 2 and 2.2 
bi i comprised between 0. 1 and 0.16 
bi2 comprised between 0.7 and 0.9, and 
bn comprised between 12 and 14. 
20 A specific usable function is in particular: 

£2 = 10.088 x Log [cc2-macroglobulin (g/1)] - 0.735 x [oc2-globulin 
(g/1)] 4- 2.189 x Log [GGT (IU/1)] + 0.137 x [y-globulin (g/1)] + 0.0546 x 
[Age (years)] + 4.301 x Log [Bilirubin (umol/1)] - 2.284 x [ApoAl (g/1)] + 
0.294 x [Sex (female=0, male=l)] + 0.0312 [Albumin (g/1)] + 2.109 [ocl- 
25 globulin (g/1)] - 0.136 [p2-globulin (g/1)] - 0.813 x Log [ALT (IU/1)] - 

13.165. 

Using six markers to determine significant activity: 

f3 = ci x Log [ot2-macroglobulin (g/1)] - c 2 x [p2-globulin (g/1)] + c 3 
30 x Log [GGT (IU/1)] + c 4 x [y-globulin (g/1)] - c 5 x [Age (years)] + c 6 x Log 

[ALT (IU/1)] - c 7 x [ApoAl (g/1)] - c 8 x [Sex (female=0 5 male=l)] - c 9 , 
with 
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ci comprised between 3.45 and 3.65, 

C2 comprised between 0.3 and 0.4, 

c 3 comprised between 0.8 and 1, 

c 4 comprised between 0.075 and 0.09, 

C5 comprised between 0.0015 and 0.003, 

C6 comprised between 2.1 and 2.5, 

C7 comprised between 1.55 and 1.75, 

eg comprised between 0.35 and 0.45, and 

eg comprised between 4 and 4.6. 
A specific usable function is notably: 

£3 = 3.513 x Log [a2-macroglobulin (g/1)] - 0.354 x [p2-globulin 
(g/1) (g/1)] + 0.889 x Log [GGT (IU/1)] + 0.0827 x [y-globulin (g/1)] - 0.0022 
x [Age (years)] + 2.295 x Log [ALT (IU/1)] - 1.670 x [ApoAl (g/1)] - 0.415 
x [Sex (female=0, male=l)] - 4.3 1 1. 

Using seven markers, for the diagnostic of significant fibrosis or significant 
activity: 

f4 = di x Log [a2-macroglobulin (g/1)] - d 2 x [oc2-globulin (g/1)] + d 3 
x Log [GGT (IU/1)] + d 4 x [y-globulin (g/1)] + d 5 x [Age (years)] 4- d 6 x Log 
[Bilirubin (umol/1)] - d 7 x [ApoAl (g/1)] + d 8 x [Sex (female=0, male=l)] + 
d 9 Log [ALT (IU/1)] - d 10 , with 

dj comprised between 5.3 and 6.7, 

d 2 comprised between 0.45 and 0.5, 

d3 comprised between 0.8 and 1.2, 

cU comprised between 0.06 and 0.08, 

d 5 comprised between 0.0015 and 0.0025, 

d 6 comprised between 1 and 1 .2, 

d-j comprised between 1 and 1.2, 

ds comprised between 0.09 and 1.1, 

d9 comprised between 1.2 and 1.5, and 

dio comprised between 4 and 5. 
A specific usable function is: 
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f4 = 5.981 x Log [a2-macroglobulin (g/1)] - 0.481 x [a2-globulin 
(g/1)] + 0.965 x Log [GGT (IU/1)] + 0.0679 x [y-globulin (g/1)] + 0.0190 x 
[Age (years)] + 1.143 x Log [Bilirubin (umol/1)] - 1.097 x [ApoAl (g/1)] + 
0.092 x [Sex (female=0, male=l)] + 1.355 Log [ALT (IU/1)] - 4.498. 

5 

Using five markers, for the diagnosis of significant fibrosis: 

f5 = zi x Log [a2-macroglobulin (g/1)] - z 2 x Log [Haptoglobin (g/1)] 
+ z 3 x Log [GGT (IU/1)] + Z4 x [Age (in years)] + z 5 x Log [Bilirubin 
(umol/1)] - Z6 x [ApoAl (g/1)] + Z7 x Sex (female=0, male=l) - zg, with 
10 Zi comprised between 4 and 5, 

z 2 comprised between 1 .2 and 1.5, 
Z3 comprised between 0.9 and 1.1, 
Z4 comprised between 0.0026 and 0.03, 
Z5 comprised between 1.6 and 1.9, 
15 Z6 comprised between 1 and 1.3, 

Z7 comprised between 0.25 and 0.35, and 
zg comprised between 5 and 6. 
A specific usable function is: 

f5 = 4.467 x Log [a2-macroglobulin (g/1)] - 1.357 x Log 
20 [Haptoglobin (g/1)] + 1.017 x Log [GGT (IU/1)] + 0.0281 x [Age (in years)] 

+ 1.737 x Log [Bilirubin (umol/1)] -1.184 x [ApoAl (g/1)] + 0.301 x Sex 
(female=0, male=l) - 5.540. 



In fact, the numerical definitions for the coefficients in the different 
25 functions can slightly vary (about 10-15 %) depending of the number and 
characteristics of patients studied. Therefore, the value given for the coefficients of 
the different markers have to be interpreted as capable to being slightly different, 
without reducing the scope of the invention. 

Depending of the end value obtained by the analysis with the logistic 
30 function of the value measured for the biological markers, it is possible to draw 
conclusions about the presence of liver fibrosis for the patient. It is also possible to 
conclude about the presence of cirrhosis, by taking cirrhosis as the threshold in the 
drawing of the ROC curve. 
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The method of the invention is also usable as a predictive mean for the 
evolution of the disease. In particular, when the patient is infected with the hepatitis 
C virus, it is often possible to determine the date of the infection (usually through 
transfusion). Therefore, the use of the method of the invention to determine the 
5 degree of evolution of the disease through the date of the diagnosis can also allow 
for the prognosis of the future development of the disease. 

The data obtained by the diagnosis method according to the invention can 
also be very valuable for the physician to chose a suitable treatment for the patient, 
according to the stage of the disease. 

1 0 Depending of the prevalence of liver fibrosis in the population of patients 

that are consulting, the data obtained with the method of the invention can be used 
to determine the need to perform a liver biopsy on the patient. It is expected that the 
method of the invention will reduce the need of liver biopsy by around 50 %. 

The method of the invention is intended to be used for patient suffering of 

1 5 any disease involving liver fibrosis, that could develop to cirrhosis. In particular, the 
method of the invention is advantageously performed for detecting liver fibrosis in 
patient suffering form a disease included in the group consisting of hepatitis B and 
C, alcoholism, hemochromatosis, metabolic disease, diabetes, obesity, autoimmune 
hepatitis, primary biliary cirrhosis, a 1 -antitrypsin deficit, Wilson disease. 

20 The method of the invention is best performed on patients infected with a 

hepatitis virus, in particular the hepatitis C virus. 

The invention is also drawn to a kit of diagnosis of an inflammatory, a 
fibrotic or a cancerous disease in a patient, comprising instructions allowing to 
determine the presence of said inflammatory, fibrotic or cancerous disease in said 

25 patient, after the dosage of biochemical markers. 

The invention is also drawn to a kit of diagnosis of liver fibrosis and/or liver 
necroinflammatory lesions in a patient, comprising instructions allowing to 
determine the presence of liver fibrosis and/or liver necroinflammatory lesions in 
said patient, after dosage of biochemical markers. 

30 The instructions may comprise the logistic function that has to be use after 

determination of the dosage of the biochemical markers. It can appear as a printed 
support as well as a computer usable support, such as a software. The instructions 
may also comprise the ROC curve depending of the threshold that is looked for, to 
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allow the analysis of the end data obtained from the logistic function. They may 
also comprise different tables that allow to obtain the predictive values, depending 
of the expected prevalence of fibrosis in the patient population. 

The diagnosis kit according to the present invention may also contain 
5 elements allowing the dosage of the biological markers of interest. 

The method of the invention can easily be automated, the dosage of the 
markers being performed automatically, the data being sent to a computer or a 
calculator that will calculate the value of the logistic function and analyze it with 
the aid of the ROC curve, and eventually the prevalence of liver fibrosis in the 
10 patient population. The data obtained by the physician is therefore more easily 
interpretable, and will allow for an improvement in the process for deciding the 
need of a biopsy or the adequate treatment to prescribe. 

The following examples are meant to describe an aspect of invention, and 
give the methodology in order to repeat the method of the invention, but shall not be 
15 limiting the invention. 

EXAMPLES 

Example 1: Patients and methods 

1.1. Patients 

20 Patients included in the study belonged to a single center cohort 

(DOSVIRC). This cohort included all the patients with hepatitis C (defined as a 
positive serology by at least a second generation ELISA test) followed in the liver 
and gastrointestinal unit of Pitie-Salpetriere Hospital, Paris, France, retrospectively 
before 1993 and prospectively afterwards (16). A specific questionnaire was filled 

25 out for each patient which contained 129 items including social-demographic- 
administrative data, risk factors, and at each visit clinical, biologic, virologic and 
treatment items, and histologic data when liver biopsy was performed. The duration 
of HCV infection was estimated from the date of transfusion or initial exposure to 
other parenteral sources, and it could not be calculated for patients with sporadic 

30 infection or those in whom the source of infection was unknown. Exclusion criteria 
were the presence of HBsAg or HIV positive antibodies. From August 1997 to 
March 2000 all informed patients with detectable HCV by PCR undergoing a liver 
biopsy were pre-included and a blood sample taken the day of biopsy. Exclusion 
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criteria were coinfection with HIV, HBV other liver disease, and non interpretable 
liver biopsy. 

The analysis was performed on a first period (first year training period 206 
patients) and validated on the second period (validation period 156 patients) (Table 
5 1) 

Another analysis was performed after exclusion of one patient in the training 
period, and 22 patients in the validation period (Table 4). 

1.2. Serum markers 

1 0 The 1 1 following tests were assessed for the 2 periods: alpha2- 

macroglobulin, AST, ALT, GGT, total bilirubin, albumin, alpha 1 alpha2 beta and 
gamma globulins, apo Al. To explain the independent diagnostic value of alpha2 
globulins (mainly made up of alpha2-macroglobulin and haptoglobin), a 
retrospective assessment of haptoglobin was performed on the 2 periods. 
15 IL1 0, TGF-p 1 , apoA2 and apoB were assessed for the second period only. 

AST, ALT, GGT, total bilirubin, were assessed by Hitachi 917 automate 
using Roche Diagnostics reagents (Mannheim Germany). 

Albumin was assessed by bromocresol green method (17) independently of 
serum proteins electrophoresis, (alphal, alpha2, beta and gamma globulins 
20 fractions) which were conducted in an automatic system Hydrasys and Hyrys 
(Sebia, Issy-Les-Moulineaux, France). 

Apolipoproteins Al,-A2, -B and alpha2macroglobulin were determined in 
serum samples (preserved at -80°c until assay) by using an automatic nephelometer 
BNII (Dade Behring Marburg, Germany). 
25 Plasma TGFbetal concentration was measured using Quantikine human 

TGFbetal immunoassay (R and D Systems, Inc. Minneapolis, MN, USA). To 
activate latent TGFbetal to the immunoreactive form, the samples were activated 
by acid and neutralized thereafter. 

Plasma Interleukin 10 were measured using an immunoassay kit (Beckman 
30 Coulter Company Immunotech, Marseille, France). 

Plasmas samples were preserved at -80°c until assay (less than one year). 



1.3. Histological staging and grading 
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Histological features of liver specimens were analyzed according to the 
METAVIR scoring system (18,19). Liver biopsies, more than 10 mm in length, 
were fixed, paraffin-embedded and stained with at least hematoxylin eosin safran 
and Masson's trichrome or picrosirius red for collagen. 
5 For each liver biopsy, a stage of fibrosis and a grade of activity was 

established according to the following criteria. Liver biopsy was staged on a scale 
of 0 to 4 : 0 = no fibrosis, 1 = portal fibrosis without septa, 2 = few septa, 3 = 
numerous septa without cirrhosis, and 4 = cirrhosis. This feature has been shown to 
be highly reproducible between pathologists. 
10 The grading of activity that evaluates the intensity of necroinflammatory 

lesions was indicated as follows: AO = no histological activity, Al = mild activity, 
A2 = moderate activity, and A3 = severe activity. The METAVIR scoring system 
was assessed by a single pathologist (FC) unaware of patients characteristics. 

15 Example 2: Statistical analysis 

Statistical analysis used logistic regression and ROC curves (20). The 
analysis was performed on a first period (first year training period) and validated on 
the second period (validation period), cohort of patients as in Tables 1 and 4. 

Then a final analysis was performed on the overall population combining 
20 the two periods (see tables 2 and 5). 

According to the METAVIR scoring system, patients were divided into 
several groups. 

The major endpoint was the identification of patients with significant 
fibrosis (F2, F3 or F4) versus patients without significant fibrosis (F0 or Fl). 
25 In secondary analyses patients were also divided according to activity 

grades: patients without significant activity (AO or Al) and patients with 
histological activity (A2, or A3). 

A group with non-significant histological features (A<2 and F<2) and a 
group of significant lesions (A>2 and/or F>2 ) were defined. 
30 Finally a group with extensive fibrosis or cirrhosis (F3 or F4) was also 

defined. 
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The first stage consisted of identifying factors which differed significantly 
between these groups by unidimensional analysis using the chi-square, Student t test 
or Mann- Whitney test. 

The second stage consisted of logistic regression analysis to assess the 
5 independent discriminative value of markers for the diagnosis of fibrosis. 

The third step was to construct an index combining these identified 
independent factors. By definition the best index (" fibrosis score") in term of 
discrimination was the logistic regression function combining the independent 
factors. 

10 The diagnostic values of these indexes and of the isolated factors were 

assessed by sensitivity, specificity, positive and negative predictive values and 
receiver operating characteristics. The predictive values were assessed for the 
observed prevalence of significant fibrosis (40 % in this study), but also for lower 
(10%) or higher prevalence (90%). 

15 The respective overall diagnostic values were compared by the area under 

the Receiver Operating Characteristic curves. The ROC curve is drawn by plotting 
the sensitivity versus (1 - specificity), after classification of the patients, according 
to the value obtained for the logistic function, for different thresholds (from 0 to 1). 
It is usually acknowledged that a RCO curve the area under which has a value 

20 superior to 0.7 is a good predictive curve for diagnosis. The ROC curve has to be 
acknowledged as a curve allowing to predict the quality of a diagnosis method. 

These statistical analyses were performed separately for the different groups, 
as previously defined. 

In order to reduce the number of factors, an analysis combining only the 6 

25 most significant markers was performed (fl -a, or fl-b). 

Since it was observed, during the analyses, that alpha 2 globulins had an 
independent diagnostic value when alpha 2 macroglobulin was taken into account, 
the diagnostic value of haptoglobin, the second main component of alpha 2 
globulins, was retrospectively assessed. 

30 An index with five markers, excluding protein electrophoresis components, 

was finally constructed combining haptoglobin and the four other identified markers 
(logistic function f5). 
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Example 3: determination of the logistic function 

A total of 422 patients with chronic hepatitis C were pre-included. 

Depending of the number excluded for the following reasons (HIV 
coinfection, HBV coinfection and transplantation), of the impossibility of fibrosis 
5 staging was impossible in others, or the impossibility of dosage of at least one out 
of the 11 markers, total of 362 (1 st study) or 339 (2 nd study) patients with chronic 
hepatitis C were included in the study, as indicated in Tables 1 and 4, respectively. 

There was no difference between the patients characteristics and 
biochemical markers between first and second sample (Tables 1 and 4). The overall 
10 prevalence of significant fibrosis was 40% (F0 17-18%, Fl 42-43%, F2 19-20%, F3 
8 %, F4 12-13%), as determined by histology. 

3.1. Diagnosis of significant fibrosis 

The diagnostic values (area under the ROC curves) of each of the eleven 
15 biochemical markers are given in tables 2 and 5 as well as their independent 
association with fibrosis (logistic regression). 

The fibrosis score combining the ten or the six most informative markers 
(alpha2-macroglobulin, alpha2-microglobulin, total bilirubin, gamma globulin, apo 
Al, and GGT) or five markers (after excluding alpha2-microglobulin, gamma 
20 globulin and including haptoglobin), and age and gender had high diagnostice 
values, on the training sample as well as on the validation sample and in the overall 
population (Table 2 and 5). 

Because transaminases ALT and AST were highly correlated (correlation 
coefficient =0.88) only ALT was used, when this marker was needed. 
25 The logistic function of 6 markers and age and sex was determined to be as 

follow: 

fl-a = 6.826 x Log [oc2-macro globulin (g/1)] - 0.479 x [a2-globulin 
(g/1)] + 1.252 x Log [GGT (IU/1)] + 0.0707 x [y-globulin (g/1)] + 0.0273 x 
[Age (years)] + 1.628 x Log [Bilirubin (umol/l)] - 0.925 x [ApoAl (g/1)] + 
30 0.344 x [Sex (female-0, male=l)] - 4.544. 

or 

fl-b = 6.552 x Log [a2-macroglobu!in (g/1)] - 0.458 x [a2-globulin 
(g/1)] + 1.113 x Log [GGT (IU/1)] + 0.0740 x [y-globulin (g/1)] + 0.0295 x 
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[Age (years)] + 1.473 x Log [Bilirubin (umol/1)] - 0.979 x [ApoAl (g/1)] + 
0.414 x [Sex (female=0, male=l)] - 4.305 ; 

The logistic function of 6 markers and age and sex was determined to be as 

5 follow: 

f5 = 4.467 x Log [oc2-macroglobulin (g/1)] - 1.357 x Log 
[Haptoglobin (g/1)] + 1.017 x Log [GGT (IU/1)] + 0.0281 x [Age (in years)] 
+ 1.737 x Log [Bilirubin (umol/1)] -1.184 x [ApoAl (g/1)] + 0.301 x Sex 
(female=0, male=l) - 5.540. 

10 

These functions were obtained by combining the relative weight of each 
parameter, as individually determined in the logistic regression, with a negative sign 
when the markers harbors a negative correlation with the stage of fibrosis. 
Logarithms were used for markers whose values have a very large range. 
15 When 10 markers were used for the calculation of the logistic function for 

the determination of fibrosis, the function was as follow: 

£2 = 10.088 x Log [a2-macroglobulin (g/1)] - 0.735 x [oc2-globulin 
(g/1)] + 2.189 x Log [GGT (IU/1)] + 0.137 x [y-globulin (g/1)] + 0.0546 x 
[Age (years)] + 4.301 x Log [Bilirubin (umol/1)] - 2.284 x [ApoAl (g/1)] + 
20 0.294 x [Sex (female=0, male=l)] + 0.0312 [Albumin (g/I)] + 2.109 [a 1- 

globulin (g/1)] - 0.136 [p2-globulin (g/1)] - 0.813 x Log [ALT (IU/1)] - 
13.165. 

The ROC curves for the fibrosis score using the ten or the six most 
25 informative markers (Figure 1), or the ten, six or five most informative markers 
(Figure 3) were identical. The area under the curve were not different. 

The scatter plot of the six markers fibrosis score (which ranges from 0.00 to 
1.00), according to fibrosis stage is given in figure 2. 

The box plots of the five or six markers fibrosis score (which ranges from 
30 0.00 to 1.00), according to fibrosis stage, are given in Figure 4. 

Using the six markers fibrosis score, high negative predictive value (>90% 
absence of F2 F3 F4) was obtained for score ranging from 0 to 0.20 (125 patients 
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(1 st study), or 1 19 patients (2 nd study)), that is about 35 % of patients, with 13 false 
negative aged from 34 to 59 years: 4 F2A0, 6 F2A1, 3F2A2). High positive 
predictive value (>90% presence of F2 F3 F4) was obtained for score from 0.80 to 1 
(53 patients (1 st study), resp. 50 patients (2 nd study), that is 15% of patients, with 4, 
5 resp. 5, false positive aged from 47 to 68 years: 1, reps. 2, F1A1, 3 F1A2) (Tables 3 
and 6). 

These value were calculated for a prevalence of fibrosis (F>1) of 40% in the 
test population. The values for prediction that are to be considered if the prevalence 
of fibrosis in the test population is 90 % or 10 % are also indicated in Tables 3 and 
10 6. 

Neural connection methods gave similar results : the percentage of patients 
correctly classified was 77%, 74 % and 79% for the training, validation and test 
samples, respectively (not shown). 

In the second sample the addition of IL10, TGFB1, apoA2 and apoB 
1 5 permitted to slightly increase the area curve to 0.889+0.030, not different from the 6 
markers fibrosis score. 

3.2. Diagnosis of significant fibrosis among patients with low ALT (2 nd 

study) 

20 A total of 43 patients had ALT lower than 35 IU/1, with 10 patients having 

significant fibrosis. The diagnostic value of the 6 markers fibrosis function was still 
high with the area under the ROC curve 0.758±0.090. The two patients with a score 
greater than 0.80 had a cirrhosis. Among 29 patients with scores lower than 0.20, 25 
had no significant fibrosis. 

25 

3.3. Diagnosis of cirrhosis or extensive fibrosis (1 st study) 

For the diagnosis of cirrhosis or extensive fibrosis, a fibrosis score using the 
same 6 markers (R 2 = 0.345 PO.001) reached a very high area under the ROC 
curve : 0.929±0.020. 

30 Using this function, high negative predictive value (>90% absence of F3 

F4) was obtained for score ranging from 0 to 0.80 (309 patients, that is 85 % of 
patients, with 32 false negative aged from 27 to 74 years: 13 cirrhosis and 19 F3). 
For score >0.80 there was a high positive predictive value (>85% presence of F3 
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F4) 53 patients, that is 15 % of patients, with 8 false positive aged from 47 to 68 
years: 4 F2 and 2 Fl. 

3.4. Diagnosis of cirrhosis or extensive fibrosis (2 nd study) 
5 For the diagnosis of cirrhosis or extensive fibrosis, the same fibrosis score 

using 6 markers (R 2 = 0.347; p<0.001) reached a very high area under the ROC 
curve : 0.923±0.020. 

Using this function, a high negative predictive value (>90% absence of F3 
F4) was obtained for scores ranging from 0 to 0.80. Out of these 289 patients, being 
10 85 % of the total, there were 30 false negatives : 1 1 cirrhosis and 19 F3. For scores 
>0.80, there was a high positive predictive value (>85% presence of F3 F4). Out of 
these 50 patients, that is 15 % of the total, there were 10 false positives : 5 F2 and 5 
Fl. 

15 3.5. Diagnosis of significant activity or either fibrosis or activity (1 st and 2 nd 

study) 

—For the -diagnostic-of --significant— activity- (A2 A3) the best final logistic 
regression combined ALT, alpha2-macroglobulin, beta-globulin, gamma globulin, 
apo Al, and GGT (R 2 = 0.243 PO.001). 
20 The logistic function that was used was: 

f3 = 3.513 x Log [a2-macroglobulin (g/1)] - 0.354 x [p2-globulin 
(g/1) (g/1)] + 0.889 x Log [GGT (IU/1)] + 0.0827 x [y-globulin (g/1)] - 0.0022 
x [Age (years)] + 2.295 x Log [ALT (IU/1)] - 1.670 x [ApoAl (g/1)] - 0.415 
x [Sex (female=0, male=l)] -4.311. 
25 For the diagnostic of significant fibrosis (F2F3F4) or significant activity 

(A2A3) the best final logistic regression combined the same six markers as for 
significant fibrosis alone plus ALT (R 2 = 0.290 PO.001). 

The logistic function that one should use for this diagnostic reads: 

f4 = 5.981 x Log [a2-macroglobulin (g/1)] - 0.481 x [a2-globulin 
30 (g/1)] + 0.965 x Log [GGT (IU/1)] + 0.0679 x [y-globulin (g/1)] + 0.0190 x 

[Age (years)] + 1.143 x Log [Bilirubin (umol/1)] - 1.097 x [ApoAl (g/1)] + 
0.092 x [Sex (female=0, male=l)] + 1.355 Log [ALT (IU/1)] - 4.498. 
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3.6. Associations between cytokines and biochemical markers (2 study) 
TGF-betal was positively associated with haptoglobin (R=0.39; pO.OOl) 
and negatively with alpha2 macroglobulin (R=-0.20; p=0.02), bilirubin (R— 0.32; 
5 p<0.001) and GGT (R=-0.20;p=0.01). HGF was associated with alpha2 
macroglobulin (R=0.45; p=0.006) and GGT (R=0.54; p<0.001). IL10 was only 
associated with gamma-globulins (R=0.20; p^O.Ol). 

Example 4: Analysis of the data 

10 The results obtained show that a combination of five or six simple 

biochemical markers, not directly related to fibrogenesis, can reach high positive or 
negative predictive values for the diagnosis of significant fibrosis even at the early 
stage of few septa. 

Conclusions for diagnosis methods are usually weak if the studied sample is 
15 biased and not representative of the most common patients. The clinical, 
histological and biochemical characteristics of the prospective population in this 
study was stable during the 33 months of the study, and similar to populations 
included in recent large randomized trials (22). Patients with obvious 
decompensated cirrhosis were not included. Inclusion of patients with severe liver 
20 disease would have improved artificially the predictive values of the logistic 
function. On the other hand, there was also a significant number of patients with 
minimal histologic features (13-18 % without fibrosis), and 9% of patients with 
ALT lower than 30 IU/ml, and 13% with ALT lower than 35 IU/ml, who are 
usually not included in randomized trials. 
25 The diagnostic value of the fibrosis score was reproducible between the two 

periods (Tables 2 and 5). Analysis of these results allows the conclusion that the 
number of biopsy could be reduced by 50% in the management of chronic hepatitis 
C. 

In practice, patients are treated according to fibrosis stage and grade (1-4). If 
30 a non-treatment decision without biopsy would have been taken according to a 
fibrosis score <0.20, only 13 out 125 or 119 patients were false negative. Among 
them none had cirrhosis or extensive fibrosis (F3-F4) and only two had moderate 
activity. If a treatment decision without biopsy would have been taken according to 
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a fibrosis score >0.80 5 only 4 patients out of 53 or 5 out of 50 5 were false positive. 
Among them 3 patients had moderate activity which justified treatment despite only 
portal fibrosis according to consensus statement (2). 

Two of these 3 patients underwent a transvenous liver biopsy showing 
5 elevated porto-caval gradient, 19 and 13 mmHg respectively. It is therefore highly 
possible that these patients had, in fact, a significant fibrosis. 

In this instance, only one or two patients (4 %) would have been treated in 
excess. Therefore, this score can also detect most patients with moderate and severe 
histological activity but without significant fibrosis. Finally, the fibrosis score could 

1 0 also be used for cirrhosis management without biopsy. 

It is very important to notice that the method of the invention does not lead 
to a large number of undue treatment of patients or to the exclusion of patients in 
need of a treatment. The data presented in this application does strengthen the 
reliability of the method of diagnosis according to the present invention. 

15 The fibrosis score could also be used for cirrhosis management without 

biopsy. Thus, screening for varices and for hepato-cellular carcinoma could be 
recommended in patients with fibrosis score >0.80. 

The most informative markers were in decreasing rank : alpha2- 
macroglobulin, aipha2-globulin, GGT, gamma globulin, total bilirubin and apoAl . 

20 Alpha2-globulin (normal range 4-6 g/1) is constitued by alpha2- 

macroglobulin (1.4-4.0 g/1), and alpha2 -microglobulins : haptoglobin (0.4-2 g/1), 
caeruleoplasmin (0.2-0.4), antithrombin III (0.2-0.3) and retinol binding protein 
(0.03-0.07) (23). The diagnostic value of alpha2-globulin was not observed in 
univariate analysis because fibrosis was associated with an increase of alpha2- 

25 macroglobulin and a decrease of alpha2-microglobulins (Figure 5). 

The data reported suggests that haptoglobin, the main component of alpha2- 
microglobulins, decreased when fibrosis increased and is the predictive factor. 
Indeed, the difference between alpha2-globulin and alpha2-macroglobulin, mainly 
constituted by haptoglobin, was strongly and negatively associated with fibrosis 

30 (R=-0.33, p<0.001). The other components of alpha2-microglobulin 
(caeruleoplasmin, antithrombin III, and retinol binding protein) are in much lower 
serum concentration and their individual diagnostic value have not been assessed. 
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An opposite correlation could be observed between fibrosis and alpha2 
macroglobulin (positively correlated R=0.46 p<0.001) versus alpha2 microglobulins 
(rich in haptoglobin, negatively correlated R— 0.40). 

The logistic function with 5 markers strengthens this hypothesis. 
5 A significant diagnostic value of increased alpha2-macroglobulin for 

fibrosis staging had already been observed in patients with alcoholic liver disease. 
Alpha2-macroglobulin belongs to the acute phase proteins and is produced locally 
by hepatocytes, stellate cells and granuloma cells at sites of inflammation and liver 
fibrosis. Moreover, alpha2-macroglobulin is specifically related to fibrosis as a 
10 feature of stellate cell activation. Alpha2 -macroglobulin is also a proteinase 
inhibitor and an increased synthesis of it can inhibit the catabolism of matrix 
proteins and enhance fibrotic processes in the liver. 

Haptoglobin decreases when fibrosis increases and thus explains the 
predictive value of alpha2-globulins when combined with alpha2-macroglobulins. 
15 Haptoglobin was strongly and negatively associated with fibrosis, as already 
observed. This association was not related to hemolysis, hypersplenism, or hepatic 
insufficiency. Similarly, no significant association with unconjugated bilirubin was 
found in this study (data not shown). 

The opposite correlations with fibrosis between alpha2 macroglobulin 
20 (positive) and haptoglobin (negative) could be explained by the different roles of 
HGF and TGF-betal during fibro genesis and the acute phase response. For alpha2 
macroglobulin a strong positive association with HGF and a negative correlation 
with TGF-betal serum concentrations were observed. 

In contrast, for haptoglobin, a strong and positive correlation was observed 
25 with TGF-betal. In experimental fibrosis, it has been observed that transduction 
with the HGF gene suppressed the increase of TGF-betal and that HGF stimulates 
synthesis of alpha2-macroglobulin and decreases synthesis of haptoglobin. 
Therefore, it seems that these two proteins are very informative, being 
representative of the two main fibrogenesis cytokines : alpha2 -macroglobulin is 
30 representative of HGF and haptoglobin is representative of TGF-betal . 

GGT has been several times observed associated with fibrosis and used in 
association with prothrombin and apoliporotein Al PGA index (7-8,13-14,34). In 
this study the diagnostic value of GGT was independent of other factors, 
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particularly transaminases and bilirubin. No explanation can currently be given for 
the independent diagnostic value of total serum bilirubin in non cirrhotic patients. 
Both GGT and bilirubin were associated with HGF. Besides early cholestasis, an 
increase of epidermal growth factor could be one explanation for the GGT increase. 
5 Gamma globulin serum concentration has been associated with cirrhosis and 

porto-systemic shunts for years (36). In this study, it was shown that, although 
lower than in patients with cirrhosis, gamma-globulin concentration was already 
increased in patients with non cirrhotic fibrosis in comparison to patients with Fl or 
FO. 

10 ApoAl serum concentration has been several times observed associated 

with fibrosis and used in association with prothrombin and GGT : PGA index (cf. 
supra). No significant additive diagnostic value of apo-AII or apoB in comparison 
to apoAl alone was found in this study. 

An unexpected decrease in serum TGF-betal according to fibrosis stage was 

1 5 observed in this study, although it did not add significant diagnostic value to the 
combination of the 6 markers. The strongest correlation was observed between 
TGF-betal and alpha2-microglobulin (R=0.42 pO.OOl), which suggests that 
haptoglobin could be a simple marker of TGF-fJl activation in chronic hepatitis C. 

Finally, assessments of serum cytokines did not add significant diagnostic 

20 values to the biochemical markers which are easier and cheaper to measure. 
Measurements of electrophoresis compounds (alpha2-globulins and gamma- 
globulins) can be viewed as old fashioned semi-quantitative assessments. Their 
replacement by haptoglobin in a five markers function gave similar predictive 
values. 

25 In conclusion, the present invention presents a combination of five, six or 

more biochemical markers to be used for the detection of liver fibrosis and/or 
presence of inflammatory lesions. The markers used in the present invention had 
never been combined in such a way, with the age and gender of the patients to give 
such a good predictive value, as illustrated by the area under the ROC curve. 

30 The diagnosis method of the invention can be analyzed automatically, after 

an automatic measurement of the values of the markers, and can advantageously be 
applied for patients with chronic hepatitis C to reduce the indication of liver biopsy. 
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